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doi:10.1016/j.ejvs.2010.03.008Abstract Objectives: To investigate a hypothesised link between socio-economic deprivation
and rates of major lower limb amputation within the catchment of a district general hospital in
the United Kingdom.
Design: An analysis of a demographic database collated using patients identified by the OPCS
codes for lower limb amputations.
Materials: All patients undergoing a lower limb amputation as a result of peripheral vascular
disease, as identified by ICD-10 code, between January 2003 and January 2009 were included
in the study.
Methods: A caseecontrol study was undertaken, comparing the Index of Multiple Deprivation
2007 (IMD) scores of major lower limb amputees, to those of the catchment population. Multi-
variate analysis was not undertaken.
Results: A total of 327 patients underwent 445 lower limb amputations during the 6-year
period. A comparative plot of cumulative frequency of IMD score in the catchment and ampu-
tation groups indicates greater numbers of major amputations in more deprived postcodes
(PZ 0.004). The catchment population was further divided into population-matched depriva-
tion quintiles. A significant increase in the number of amputations occurred in the two most
deprived quintiles (OR (95%CI)Z 1.654 (1.121e2.440), PZ 0.011)
Conclusions: This study indicates a positive association between increasing social deprivation
and rates of lower limb amputation. If the most deprived quintiles are combined, this increase
in amputation rates is approximately 65%. This inequity should be further investigated, and
consideration given to targeted care within areas of greater social deprivation.
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Figure 1 Lower limb amputation by level. Dark blue, minor
amputations; light blue, major amputations.
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Amputation represents the end-point of peripheral arterial
disease (PAD), and is commonly an operation of last resort,
performed to improve quality of life in patients with an
unsalvageable limb.1 Approximately 3500 lower limb
amputations occur in the UK every year as a result of PAD.2
The initial treatment episode of a patient requiring
major lower limb amputation has been estimated to cost in
the region of US$65,0003 (£40,000, V46,000), representing
a huge cost to Primary Care Trusts, a point of particular
relevance to cash-limited nationalised health systems. The
cost is not limited to a financial one, with patients who
have undergone major lower limb amputation having a life
expectancy comparable to that of many cancers, estimated
to be between 27 and 47 months.4 The psychological impact
is also severe, with rates of anxiety and depression repor-
ted to be 29.9% and 13.4%, respectively.5
Levels of socio-economic deprivation are inextricably
linked to health,6 and it is widely accepted that with the
majority of diseases, incidence is higher in more deprived
patient groups.7 The hypothesis behind this imbalance is
that more deprived populations are more likely to smoke,
less likely to adopt ‘healthy’ lifestyles, and are associated
with lower levels of physical activity leading to higher rates
of obesity.8 There are however, no currently available
publications investigating the presence of a link between
this observed trend, and the incidence of lower limb
amputation. The primary aim of this study was to establish
if variations in levels of social deprivation within the
catchment area of a District General Hospital has an impact
on the rates of lower limb amputation within this study
population. Secondary aims were to establish if social
deprivation impacts upon level of amputation, or risk of
repeated amputations.
Materials and methods
The Department of Vascular Surgery at Russell’s Hall Hospital
(RHH) in Dudley provides secondary care to a population of
approximately 400,000 people. The population is diverse in
terms of social deprivation, ranging from areas in the centre
of the Black Country,which fall into themost deprived 10% of
the UK, tomore affluent areas in the surrounding small towns
and villages. A data set was compiled using the Office of
Population, Censuses and Surveys Classification of Surgical
Operations and Procedures (4th revision) (OPCS 4), to iden-
tify patients who had undergone amputations during the 6-
year period between January 2003 and January 2009.
Patients were excluded if their amputations were as a result
of trauma, osteomyelitis and venous or lymphatic disease.
Aetiology was confirmed using the International Classifica-
tion of Disease Version 10 (ICD-10) coding from the index
admission during which amputation was undertaken. Social
deprivation was quantified by using the Index of Multiple
Deprivation (IMD) 2007 score, based upon residential post-
codes, using scores from the Office for National Statistics
(ONS). These scores were obtained by entering each
patient’s postcode into the ONS website,9 where the scores
are pre-calculated, and freely available. The IMD score
combines seven indicators (income, employment, healthdeprivation and disability, education, skills and training,
barriers to housing and services, crime, and living environ-
ment), into a single deprivation score. A higher score indi-
cates greater socio-economic deprivation. The smallest
geographical area individually analysed by the ONS for which
IMD scores are available is the Lower Super Output Area
(LSOA). Each LSOA contains a small cluster of postcodes with
comparable characteristics, and has a mean population of
approximately 1500 people. Population sizes are random,
and not related to underlying social attributes. Individual
prevalences of causative factors for PAD such as smoking and
diabetes are not available for this level of analysis.
All statistical analyses were executed in SPSS version
15.0 for Windows. Deprivation scores for the study group
and for the catchment population were compared with the
ManneWhitney U-test. The IMD score for each member of
the catchment population was defined as that of their
respective LSOA for the purposes of analysis. Deprivation
scores were divided into quintiles based on their distribu-
tion within the catchment population. A chi-square good-
ness of fit test was then performed to determine if the
study group was spread evenly across these quintiles. Odds
ratios and associated confidence intervals were calculated
for the quintiles in a binary logistic regression analysis.
The JonckheereeTerpstra test for ordered alternatives
was used to ascertain whether deprivation scores were
related to level of amputation or to occurrence of multiple
amputations.
Results
During the six-year study period, 552 amputations took
place at RHH. Following the exclusion of non-PAD related
amputations, the final study population comprised 327
patients (100 females, 227 males) undergoing a total of 445
amputations. 193 were ‘minor’ amputations (toe, hallux
and forefoot), and the remaining 252 were ‘major’ ampu-
tations (through ankle, below knee, through knee, and
above knee) (Fig 1).
Social deprivation data was available for all patients.
Where patients changed postcodes between amputations,
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Figure 2 Cumulative frequency plot demonstrating the IMD
scores of patients undergoing major lower limb amputations
compared to that of the hospital catchment population, as
calculated from the LSOA score. *ManneWhitney U-test.
Green, catchment population; red, patients undergoing major
lower limb amputation.
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statistical analysis. Twenty-seven patients had a minor
amputation revised to a major amputation within the study
period. In these cases, the most major amputation was
used for data analysis. Social deprivation data was
collected for all LSOA’s within the catchment area of RHH.19.9 20.2 19.7
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Figure 3 Distribution ofmajor lower limbamputations per populat
yellow, patients undergoing any lower limb amputation; red, patienThe distribution of deprivation was significantly different to
that of the study group (Fig 2), with a proportionately
higher frequency of deprived postcodes within the study
group (PZ 0.004). At higher deprivation scores (i.e. less
affluent populations), there is an over-representation of
patients undergoing major amputation.
The catchment area deprivation scores were divided
into population-matched quintiles, with proportions of
amputations calculated for each. Total amputations, and
major amputations only were analysed independently. The
proportion of total amputations varied significantly
between quintiles (PZ 0.002), an observation which was
mirrored when major amputations were considered in
isolation (PZ 0.007) (Fig 3).
Odds ratios were calculated for each quintile relative to
the incidence within the least deprived group. With
increasing deprivation, the odds ratios of major amputation
increased. There were more major amputations in the two
most deprived quintiles, with a statistically significant
increase in the fourth quintile (OR 1.930, 95% CI 1.268e
2.938 (PZ 0.002) and 1.379, 95% CI 0.882e2.156
(PZ 0.159) for the 4th and 5th quintiles, respectively)
(Table 1). The difference between the two most deprived
quintiles was not statistically significant. (PZ 0.082). If the
two most deprived quintiles are combined, an odds ratio of
1.654 (CI 1.121e2.440) (PZ 0.011) is calculated compared
to the most affluent group.
The relationship between deprivation quintile and level
of major amputation was not statistically significant
(PZ 0.07), nor was that between deprivation and the rate
of multiple amputations (PZ 0.43).20.0 20.1
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Table 1 Comparative odds ratios & 95% confidence
intervals for each population-matched deprivation quintile.
Quintile OR 95% CI
1 (Least deprived) 1.000 N/A
2 1.013 0.628e1.636
3 1.316 0.836e2.072
4 1.930 1.268e2.938
5 (Most deprived) 1.379 0.882e2.156
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This study has shown that increasing socio-economic depri-
vation seems to be linked to higher rates of major lower limb
amputation performed for peripheral arterial disease. The
authors accept that without a multivariate analysis, this
association may be a combination of other contributory
factors to PAD rather than a risk factor in itself. Analysis of
this type was not possible in this study due to a large
proportion ofmissing data particularly pertaining to smoking
status within the study population, and the lack of compar-
ative data available for the catchment population.
The strong significance of the results of this study are
nonetheless interesting, and not without clinical relevance.
They equate to an increase of 65% in the rates of major
lower limb amputation within the most deprives
populations, compared to that found within the least
deprived population. The American National Health and
Nutrition Examination Survey quantified risk factors for PAD
within a large study population.10 Smoking is the largest
contributory factor to PAD (OR 4.46 for a current smoker),11
followed by non-white ethnicity (OR 2.83), diabetes (OR
2.71),12 hypertension (OR 1.75) and hypercholesterolaemia
(OR 1.68).10 The prevalence of these poor health beha-
viours is higher in deprived populations.8 This imbalance is
likely to be as a result of the so-called ‘social gradient’13 e
the observation that incidence of disease, and its subse-
quent outcome is worse amongst the most deprived within
a population. People within deprived areas are also less
likely to take up primary health care.14 A number of recent
publications corroborate these findings,15e17 and this study
adds further evidence that this is likely to be a pan-disease
phenomenon. It is, however, interesting that social depri-
vation does not appear to affect the level of major lower
limb amputation in a statistically significant way, as the
authors had expected this trend to be present.
The modification of risk factors is chiefly the realm of
primary care, as is the community care of patients who
have undergone a lower limb amputation. No evidence
currently exists as to whether the focussing of health
promotion or funding within socially deprived areas could
improve outcomes in peripheral arterial disease. However,
attention must be given to this possibility if the inequity in
amputation rates is to be rectified. By addressing risk
factors for PAD, progression to critical limb ischaemia and
the need for subsequent amputation can be slowed or even
halted. Specifically, data exists that smoking cessation is
directly associated with an improved outcome in PAD.18
This conclusive evidence does not exist for glycaemic
control in diabetes, but tight control is associated with animprovement in microvascular complications and myocar-
dial infarction,19 and so it would seem logical that tight
control would halt progress of PAD. Similarly, the findings of
the REGRESS study have been analysed post hoc, and show
a decrease in the number of cardiovascular incidents in
patients with PAD with improvements in dyslipidaemia,20
but no direct evidence of decreases in amputation has
been identified. It is also likely that weight loss among the
obese is on balance likely to improve outcomes in cardio-
vascular disease,21 although data on this is inconsistent.22
There is a great variation in social deprivation within
all nations,23 but the findings of this study are potentially
most valuable to nations with socialised health systems.
The philosophy of the National Health Service in the UK is
to offer ‘a comprehensive service, available to all’
regardless of ability to pay.24 Poorer outcomes in deprived
groups may be as a result of failure to take up healthcare
services, or even a systematic failure in choices of
treatment, but commenting on this is outside the realms
of this analysis. However, the data in this study speaks for
itself e rates and outcomes of PAD are not equal across
the social spectrum.
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